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FOREWORD

Eva por at I 0N datafrom pans located throughout
Californiaare vital components of hydrologic analyses. The Department of

Water Resources has collected and published such data for more than

60 years. Initially, the Department used these data to estimate losses from

|akes and reservoirs.

Then, inthelate 1940s, irrigation
engi neers and agri cul tural
scientists denonstrated a cl ose

rel ationshi p bet ween crop wat er
use (evapot ranspiration) and
evapor ation frompans and
atnoneters. Inthe early 1950s,
researchresultsledtothe first
standards i n t he physi cal design of
evapor ati on pans. By the md-to-

| ate 1950s, the effects of pan
sur roundi ngs and wat er dept hs on
evaporation rates were wel |
docunented. Inthelate 1950s, the
Depart nent undert ook a st at ew de
study to operat e pans and at nonet er s
i n accordance with the research
resul ts menti oned above.

Thi s report docunents the portion
of that study conducted on the fl oor
of the San Joaqui n Val | ey. The pl an
was to (1) operate a nmaster clinate
station at one sout hern Val | ey

| ocation (near Bakersfield) ona
conti nuous basi s for nany years and
(2) operate snaller, auxiliary
stations for shorter periods of tine
tosanpleclinates at other sites

t hr oughout t he Val | ey.

Al stations were | ocated in
wel | managed irri gated pasture
environments. A United States
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\at her Bureau d ass ' A pan was
installedat each station and

equi pped wi th a wat er supply tank
and fl oat val ve systemto nmai ntai n
a near constant water |evel.
Ancillary instrunents usedinthe
study were of atraditional, proven,
robust design. They required
servi ci ng once a week. Astandard

i nstrunent | ayout was appl i ed for
the outlyi ng agrocl i mat e stati ons.
The calibration, installation, and
operation of theseinstrunments are
described later inthis report.
Wt hin the stati on environnent,
past ur e grasses wer e nai nt ai ned at
a 3-to-5-inch hei ght by now ng
as required.

During t he peri od 1958- 1991,

agrocl i nat e data on sol ar radi ati on,
pan evapor ation, atnoneter
evaporation, air tenperature,
preci pitation, w nd novenent, and
soi | tenperature were col | ected at
about 20 | ocationsinthe Valley.
These data, sunmari zed i nt o weekl y
and nont hl y anount s, are present ed
inthisreport. They showlittle
variation frompl ace to pl ace for
the same year, and little variation
wi t hi n t he sane geogr aphi ¢ area for
di fferent years.
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Dat a presentedinthisreport were collected aspart of a statewide
Investigation of agricultural climate (agroclimate). Such data provide a
basisfor estimating crop water requirements. Thisreport includes data
collected at some 20 locations on the floor of the San Joaquin Valley.
Agroclimate station locations are shown on Figure 1. More exact
locations and station descriptions are listed in Table 1. Field procedures

followed and methods of data analysis are described.

BACKGROUND

By t he 1940s and early 1950s, a cl ose
correl ation bet ween consunpti ve use
of crops and evaporation frompans
and at nonet er s had been denonst rat ed
by irrigation engineers and
agricultural scientists. Crop
consunpti ve use was shown to be
rel ated to evaporation froma pan of
speci fic design. However, Arthur A
Young and ot her s denonstr at ed nar ked
di fferences i n evaporati on f rompans

of different designs at the sane

 ocation (Young, 1947). Inthe
1950s, Bl aney and Muckel publi shed
neasur ed di fferences i n evaporation
rates frompans of six different
designs (DWR Bul l etin 73, 1959).
Coodridge identified 24 different
desi gns for pans operated in
California (DARBulletin 73-1, 1974).

QG her studies indicatedthat the
procedures fol |l owed i n operati ng
pans of identical design al so

i nfl uenced t he rat e of evaporation.
For exanpl e, U S. Wat her Bureau
resear chers found that variations Arvin-Frick Master

i n pan wat er depth markedl y af f ect ed

Agrodimate Sation.

the rate of evaporation fromdass ‘A

pans (Nordenson and Baker, 1962). Oneof three

evaporation pans

Robert Wendt, left,

Daryl Nichals,

on theright.
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FIGURE 1

L ocation of Agroclimate Stations—San Joaquin Valley—1958-1991
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Servicing atmometers
at Arvin-Frick
Agroclimate Sation.
Shown is one of

four atmometer

pairsat thisste.

Robert V\endit,
|eft, and Norm

MacGillivray, right.

The ef fects of pan physi cal

envi ronment on evaporation rates
were al so i nvestigatedinthe 1950s.
British agricultural scientists
wor ki ng in North Africa found
evaporation fromsnal |l pans was
inversely relatedto the extent of
transpi ri ng veget ati on surroundi ng
t hose pans (Hudson, 1962; Davenport
and Hudson, 1967). The i nfl uence of
sur roundi ng veget ati on on evapor a-
tionfromd ass ‘A pans was
further definedin University of
Californiastudies (Pruitt, 1959).

After carefully eval uating
publ i shed and unpubl i shed reports,
criteriafor installing and
oper ati ng evaporineters and
ancillary instruments for this

INTRODUCTION

statew de i nvestigation were
devel oped. Those criteriainclude
t he fol | owi ng:

e Evaporation panto be a standard
USWB d ass ‘ A desi gn.

e« Water | evel in panto be nain-
tai ned at near-constant dept h.

Pan t o be unpai nt ed gal vani zed
net al .

e Evaporation stationto be |l ocated
withinalarge area of unstressed
| ow growi ng veget ati on. (Exten-
sive | awn areas or wel | managed
irrigated pastures neet this
requi renent.) The upwi nd fetch
of vegetation shoul d be a m ni num
of 500 feet.

e Agroclimate stationto be serviced
at | east once a week.

e Pan wat er supply to be fresh
tap water.

e Pan to be cl eaned as required.

e Livingston bl ack and white
spherical atnoneters to be
operated in sets of three pairs
nmount ed at a hei ght of 54 i nches.

e Station fencing (where required)
to be of “hog wire” wth spaci ng of
about 6 x 8 inches. (Chain-link
fencing is to be avoided.)
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INVESTIGATION OBJECTIVES

The objectives of this study were to:

1. Determine average (normal) amounts of evaporation demand for the

San Joaquin Valley or for specific regionswithinit.

2. Determine year-to-year variations of monthly evaporation at the same

location (master station) over along time period.

3. Determine variations between different geographic locations for the

same year.

4. Collect certain ancillary data to facilitate inter pretation of variations

in evaporative demand. (These data include solar radiation, wind, and

air temperature.)

MASTER STATIONS

The appr oach fol | owed was t o operat e
a“nmaster” agroclinate station at
one | ocation on a conti nuous basi s,
whi | e operating smal | er “outlying”
stations on a short-termbasisto
sanpl e agrocl i mat e el ement s at

vari ous ot her geographi c | ocati ons
onthe Valley floor (Figure 1).
During the years of this study,
1958 to 1991, the master station
was noved several tines. These
noves wer e required because i n each
case the fieldinwhichthe station
was | ocat ed was rotated from
irrigated pasturetofieldor tree/
vine crops and/or the field
irrigation systemwas changed.

For exanpl e, in 1965, the area
surroundi ng the 2. 5-acre (250 x 440-
foot) Arvin-Frick station grassed
pl ot was converted fromborder strip
irrigationto hand-nove sprinklers.
Thi s caused two probl ens: (1) the
under ground concr et e pi pel i ne whi ch
suppliedirrigationwater tothe
fieldinwhichthe station was

| ocat ed was t aken out of service-
elimnatingthat water source for
irrigatingthe border stripsinthe
stationplot; and (2) theclinate at
the station site coul d have been
nodi fi ed because of spray fromthe
surroundi ng sprinkler-irrigated
fields. The Arvin-Frick master
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\View of Traver 4-ESE
—Atypical outlying

agroclimate station.

station was operated for about

61 years. Instrunent |ayout at the
Arvin-Frick siteis shown on Figure 2.

I mredi ately after DAR cl osed t he
Arvin-Frick station, theinstrunents
wer e noved about 12 niles west to a
surface-irrigated inproved pasture.
The new nast er station was desi g-
nated as dd R ver 3-S. The fenced
station encl osure was 30 x 75 feet.
(See Figure 3for instrunent | ocation
withinthe station enclosure.) The

A d R ver 3-Sstation was operat ed
for about two years (Novenber 1965 to
Decenber 1967), when the pasturein
whichit was | ocated was rotated to
an or chard crop. Only one evapor ati on
pan was operated at the dd R ver
3-Slocation.

The master agroclinate stations were
routinely servi ced each week and on
the first day of each nonth. They
wer e al so servi ced each day

that soil measurenents were nade in
near by crop evapot ranspirati on
field plots.

INTRODUCTION

After Decenber 1967, when the A d
R ver 3-Sstationwas renoved, a
series of stations of the standard
outlying station desi gn were
oper at ed near Bakersfi el d.

OUTLYING STATIONS

Smal | er agroclinate stations were
operated at various | ocations and
for various periods of tinme onthe
Val | ey fl oor. These stations were of
a st andar di zed desi gn (see Figure 4).
They neasur ed 25x25 feet (0.014
acre) and wer e desi gned to provi de
m ni mumi nt erruption of prevailing
wi nds and m ni numshadow ng of the
various i nstrunments. Actual place-
nment of instruments wthinthe fenced
station encl osure was based on sun
angl es extracted froma syl | abus
authored by F. A Brooks, University
of California, Davis. Station

| ocati ons are shown on Figure 1.
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FIGURE 2

Arvin-Frick Agroclimate Station Instrument Layout
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FIGURE 3

Old River 3-S Agroclimate Station Instrument Layout
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FIGURE 4

Layout of a Typical Agroclimate Station
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